Abstract: Three CGMS lines were crossed with 17 testers in a line × tester design during Kharif 2013 and sufficient number of hand pollinated seeds was produced. The resultant 51 hybrids along with their 20 parents and standard check variety (Maruti) were evaluated in RBD design with two replications. Combining ability analysis evinced predominance of non-additive gene effects for 7 characters indicating relevance of heterosis breeding for improving yield attributes. The gca effects of parents revealed that ICPA-2043, GRG-2009, GRG-2009 were good general combiners for seed yield and it's direct components. The estimates of sca effects revealed that 11 experimental hybrids had significant, desirable and positive sca effects for seed yield/plant. Among these, three best crosses were selected on the basis of per se performance for ascertaining their association with sca effects of seed yield per plant and its attributes. The investigation identified the good general combiners (ICPA -2043, GRG-2009, GRG-2009 and promising crosses (ICPA-2043 X GRG-2009-2, ICPA-2047 X GRG-2OO9 and ICPA-2043 showing high mean and significant positive sca effects involved high × high gca effects of parents. These parental combinations may be used in breeding program for exploitation of hybrid vigour.
INTRODUCTION
Pigeonpea (Cajanus cajan (L.) Millsp.) is a perennial shrub belong to economically important tribe Phaseoleae and the subtribe Cajanine. It is being cultivated as an annual crop in Southern and South Eastern Asia, Eastern Africa, the Caribbean region and South and Central America. It is chiefly grown for its seeds which are consumed either as dry split peas (dhal), providing major source of protein and essential amino acids or as a green vegetable (Saxena et al. 2005) . In India, it is one of the very important grain legumes and occupies second position in area and production next to chickpea. It is grown in an area of 3.88 m ha with an annual production of 3.17 m tonnes. In Karnataka, pigeonpea occupies second place in area (6.66 Lakh ha) and ranks second in production (3.66 Lakh tonnes) with a productivity of 555 kg/ha (Sing, 2015) . Most of the economic characters like seed yield, number of pods per plant, days to 50 per cent flowering are mostly governed by polygenes and their inheritance is of complex nature. Therefore, before making attempts for improvement of these characters it is essential to know the nature of gene action controlling these quantitative characters. This information will be helpful to breeders in devising appropriate methods of breeding for crop improvement. A review of literature on quan-ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org titative genetics of pigeonpea showed that the presence of significant levels of non additive genetic variation for seed yield which could be profitably exploited through heterosis breeding to increase grain yield (Saxena and Sharma, 1990) . Commercial exploitation of heterosis has been possible in crops like sorghum and cotton either through male sterility systems or through hand pollination. A successful search for easily identifiable and stable genetic male sterility at different institutions in India has paved way for commercial exploitation of hybrid vigour in pigeonpea and six hybrids viz., ICPH 8, COPH 1, COPH 2, PPH 4, AKPH 4104 and AKPH 2022 have been released for commercial cultivation. ( Bajpai et al., 2003) Exploitation of heterosis depends much on general and specific combining ability effects. Combining ability studies are useful in evaluation of the parental lines and their cross combinations, usually this information aids in selection of parents in terms of performance of hybrids and elucidate the nature and magnitude of various types of gene action involved in the expression of quantitative traits (Sony, 2010) . Therefore, present study was undertaken to estimate hybrid vigor, combining ability for seed yield and other traits in pigeonpea using three cytoplasmic genic male sterile lines derived from A 4 cytoplasm and 17 diverse testers 
MATERIALS AND METHODS
The parental material comprised of three CGMS lines (ICPA-2043 , ICPA-2078 and ICPA-2047 (Panse and Sukhatme, 1961) . The variance due to general combining ability (GCA) of parents and specific combining ability (SCA) of different cross combinations were worked out using L x T analysis based on the procedure developed by Kempthorne (1957) . The GCA variance was more than the SCA variance i.e. GCA/SCA variance ratio was more than one indicating predominance of additive variance. The SCA variance was higher than the GCA variance i.e. GCA/SCA variance ratio was less than unity, indicating predominance of dominance variance than additive variance. The data was subjected to analysis of variance and combining ability using statistic package WINDOSTAT 8.5 developed by Indostat services, Hyderabad (India).
RESULTS AND DISCUSSION
The results revealed higher magnitude of SCA variance as compared to GCA variance for all the characters indicating the predominance of non-additive gene action. The ratio between GCA and SCA variances were worked out and the proportion was highest for total number of pods per plant (1:492.46) followed by seed yield per plant (1:86.96), pod bearing length (1:29.47), day to 50 per cent flowering (1:13.13), plant height (1:11.19), Number of branches/plant (1:6.88) and days to maturity (1:4.19) and these characters are more likely to be improved through heterosis breeding (Table 1) . The above findings are in agreement with the earlier reports of Sunil Kumar et al. (2003) , Sekhar et al. (2004) , Sameer Kumar et al. (2009), Beekham and Umaharan (2010) , Shobha and Balan (2010) , Sony Tiwari (2010), Chethana et al. (2013) and Meshram et al. (2013 Table 2 . ANOVA for combining ability in respect of 7 characters in pigeonpea. gested that the variation in hybrids in respect of seed yield may be strongly influenced by the lines. The mean squares due to lines were larger in magnitude for most of the important yield attributes than testers indicating greater diversity amongst the lines as compared to testers (Table 2 ). The analysis of variance for combining ability showed that the mean squares due to general and specific combining ability effects indicated involvement of both additive and nonadditive gene action. The mean sum of squares due to lines × testers and their interactions were highly significant for seed yield and it's component characters further indicated the importance of sca variance, and consequently the non-additive genetic variation in the inheritance of these characters. The trend recorded was in agreement with the findings of Khorgade et al. (2000) , Sunil Kumar et al. (2003) and Sekhar et al. (2004) . Vaghela et al.(2009 ), Sameer Kumar et al. (2009 ) Bharate et al. (2011 for seed yield/plant and other important yield attributes viz., pod bearing length, number of pods per plant and 100 seed weight. Preponderance of non-additive genetic variance has been suggested. Per cent contribution of line, testers and line x testers to the crosses (Table 3) revealed that a greater contribution of testers was observed for days to 50% flowering, days to maturity, plant height, number of pods per plant and seed yield/plant. Whereas, the contribution of lines to the performance of crosses was found significant for pod bearing length and number of branches per plant indicating the significant contribution of paternal parents. The contribution of lines and testers were found equally important for the development of the yield and its attributing characters. This showed that average general combiner could results in high heterotic performance and could be effectively used in heterosis breeding programmes. Similar results were also reported by Pandey and Singh (2002) These results were also in conformity with those of Baskaran and Muthiah (2007) , Meshram et al. (2013) and Chethana et al. (2013) . Better performance of hybrids involving high x low or low x low general combiners indicated dominance x dominance (epitasis) type of gene action. The crosses showing high sca effects involving one good general combiner indicated additive x dominance type gene interaction which exhibit the high heterotic performance for yield and yield related traits. The mean per se performance is an important parameter to be considered in selection of promising genotypes as they directly influence on other parameters like GCA, SCA and also on magnitude of heterosis in crosses. The mean per se performance of parents and crosses obtained in the present study were given in the table 7. Seed yield per plant is the effect of the component characters related to it. The potentiality of line to be used as a parent in hybridization, or in a cross to be used as a commercial hybrid may be judged by comparing the per se performance of the parents, the F 1 value and the combining ability effects. The results suggested that the crosses having high mean performance, positive sca effects for seed yield and their significant response to other related traits had necessarily involved both or at least one parent as good combiner which could be commercially exploited for heterosis by taking advantage of high degree of natural out crossing in pigeonpea.
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Conclusion
From the present study, the genotypes viz., ICPA-2043 , GRG-2009 , GRG-2009 were identified as good general combiners and ICPA-2043 X GRG-2009-2, ICPA-2047 X GRG-2OO9 and ICPA-2043 X ICPL-288 as promising crosses having high mean and significant positive sca effects involving high × high gca effects of parents. These parental combinations may be used in breeding program for exploitation of hybrid vigour.
